The effects of divided attention were examined in younger adults (M = 23 years) and older adults (M = 64 years) who searched for traffic signs in digitized images of traffic scenes. Sign search was executed under single-task and dual-task conditions in scenes containing either small or large amounts of visual clutter. For both age groups, clutter and the secondary task had additive effects on search accuracy, speed, and oculomotor involvement. Compared with the younger adults, older adults were less accurate, especially with high-clutter scenes, were slower to decide that a target sign was not present, and exhibited a marginally greater divided-attention effect on reaction times. They exhibited longer fixations in the divided-attention condition, in which they also showed a disproportionate reduction in recognition memory for the content of the secondary task. Actual or potential applications of this research include methods for evaluating the distraction of conversations and safety implications of conversation on visual search behavior.
INTRODUCTION
A large body of evidence documents the difficulties experienced by older adults when they are engaged in visual search. Generally this work has involved search for simple visual features (e.g., orientation, color, and form) that is carried out as an isolated task. In contrast, the experiment summarized here examined age differences in search of more complex and naturalistic scenes under both single-task and dual-task conditions. Performance was measured using reaction time (RT) and errors, but eye movement data were also gathered to afford a finer grained analysis of performance (Ho, Scialfa, Caird, & Graw, 2001; Maltz & Shinar, 1999) , and subjective workload was measured to ascertain if observer experience mirrored the manipulations of cognitive demand. The goal of the research was to determine if age-related search deficits are found with these scenes, particularly when attention cannot be allocated solely to that task.
Age differences in simple visual search tasks (e.g., conjunction search based on orientation, luminance, or color) depend on many stimulus and task factors such as target-distractor similarity, eccentricity, and working memory requirements (Owsley et al.,1998; Plude & Doussard-Roosevelt, 1989; Rogers & Fisk,1991; Scialfa & Joffe, 1997) . In contrast, because older adults are able to use top-down information to guide search (Atchley & Kramer, 1998; Ho & Scialfa, 2002; Madden, 1983) , it is possible that they will perform relatively well when searching real-world scenes that afford the use of this information. Although Maltz and Shinar (1999) found evidence that older adults were less systematic in the eye movements they executed while they searched driving scenes, Ho et al. (2001) found no age differences in clutter effects using a large set of traffic signs in both daytime and simulated nighttime scenes. Similar results were obtained by Schieber and Goodspeed (1997) at comparable levels of clutter. Thus it appears that age-related differences in search for traffic signs are smaller than those in search for letters, words, numbers, and other stimuli used in many studies of visual search.
None of these studies examined age differences in search under divided-attention conditions. This is an important issue, for several
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reasons. Dividing attentional resources across multiple tasks is often necessary while one is driving, carrying out industrial inspection, or searching for objects in other environments. A related issue is that increased use of various technologies (e.g., cellular phones, Internet access) in private automobiles brings with it the increased need to drive safely under dividedattention conditions. In addition, age deficits in divided-attention costs have been found in a variety of real-world tasks (Caird & Chugh, 1997; Crook, West, & Larrabee, 1993; Kramer, Larish, & Strayer, 1995; Owsley et al., 1998; Ponds, Brouwer, & van Wolffelaar, 1988; Tsang & Shaner, 1998) . Thus, although age differences in traffic sign search may be small if attention can be allocated solely to that task, age deficits may arise when, as is more often the case, multiple tasks are being performed concurrently.
In this study we asked groups of younger and older people to search for a variety of warning and regulatory signs in images of traffic scenes. Sometimes they performed this search task while listening to and answering questions about brief prose passages. At other times the search task was performed in isolation. We expected that search performance would suffer in the divided-attention conditions and that this would be more pronounced in highly cluttered scenes. We also expected, based on the literature on aging and divided attention, that dual-task costs would be larger among older adults. Specifically, we thought that relative to the young participants, older adults would be slower, make more eye movements, and exhibit longer fixation durations under divided-attention conditions.
METHOD Participants
There were 16 younger adults (M = 22.62, range = 17-33 years) and 16 older adults (M = 64.19, range = 56-71 years) in the study. Four additional older individuals were discarded from the analysis because we could not obtain eye movement data from them. In the young group there were 11 women and 5 men. In the older group there were 7 women and 9 men. Participants were volunteers from the university and the surrounding community and were paid $10 (Canadian) for their efforts.
All participants indicated by self-report that they had not been hospitalized for a serious illness in the past year and were not under a physician's care for a serious illness or condition. We also asked about current prescription drug usage. Four older adults reported drug usage: one for diabetes, one for elevated cholesterol, one for low bone density, and the last for hormone therapy. Although there is a potential for dizziness, headaches, and blurred vision with medication for diabetes and cholesterol conditions, the participants did not report any side effects from the drugs they were taking.
Our observers were well educated. Younger adults, on average, had 15.25 years of education (range = 12-20 years), and the older adults had gone to school for an average of 16.38 years (range = 13-24 years). These age differences in formal education were nonsignificant (p = .21). This was also a healthy sample of individuals. On a 5-point Likert-type scale, younger adults (M = 4.14) and older adults (M = 4.21) reported themselves to be in equally good health (p = .65). Snellen acuity was measured at the test distance of approximately 50 cm. Older adults' average acuity was 20/20 (SD = 0.157 min arc), whereas that of younger adults was approximately 20/18 (SD = 0.197 min arc). Younger adults had significantly better acuity than did the older adults (p = .002), but even in the older adult group, acuity was better than would be expected in the general population (Gittings & Fozard, 1986) .
Older adults reported that they had been driving for 42.75 years (SD = 9.95 years) and drove on average approximately 14 718 km/year (SD = 8025 km/year). Younger adults indicated that they had been driving for 5.96 years on average (SD = 4.84 years) and that they drove 13 325 km/year (SD = 7396 km/year). Although the age difference in years of driving was significant (p < .001), there was no significant age difference in self-reported annual distance driven (p = .61).
Stimuli and Apparatus
The targets were 14 regulatory signs (e.g., a stop sign) and warning signs (e.g., traffic signal ahead) that were either created using a graphics program or downloaded from the Internet (Moeur, 1998) . Their average size was approximately 2°on a side, and their average luminance was 57.73 cd/m 2 . In total, there were 13 lowclutter and 8 high-clutter scenes. The unequal number of high-and low-clutter scenes occurred because we wanted to have the largest number of stimuli possible while controlling for potential confounds of target size, eccentricity, and overall scene luminance. These criteria forced the exclusion of some high-clutter scenes. For additional methodological details, including examples of the scenes, see Ho et al. (2001) .
For the secondary task, we used four short prose passages from the Logical Memory Test of the second and third editions of the Wechsler Memory Scale (Wechsler, 1997) . A recognition test that consisted of 15 yes/no questions followed each passage. The questions used for the third edition came from the standardized administration of the test. The questions created for the second edition were modeled on those found in the more recent version.
Images were presented on a Sony Trinitron Multiscan CPD-100 GS 14-inch (35.6-cm) monitor on a 486 platform. Manual RT and eye movement data were recorded using the Eyegaze Development System and software from LC Technologies, Inc. (Cleveland & Cleveland, 1992) . To avoid large-amplitude head movements and the resulting loss of eye movement data (Scialfa, McPhee, & Ho, 2000) , we used a light Velcro head strap to secure the observer in the chin rest and forehead rest used to maintain viewing distance and gaze angle.
Procedure
On each trial, the first screen that appeared was a fixation screen indicating the target to be sought in the subsequent image. The fixation screen remained visible until participants were ready to view the search scene. Then they pressed any key on the computer's keyboard and, after a variable period (0, 50, or 150 ms), the traffic scene image appeared.
On half of the trials, the traffic scene contained the sign presented in the fixation screen, whereas on the other half, it did not. The participants' task was to respond "present" or "absent" by pressing the M (for present) or C (for absent) keyboard keys as quickly and accurately as possible. After each response, they were given visual accuracy feedback. Twenty practice trials, using different signs, ensured that all participants understood the task before data collection began.
In the single-task condition, participants were given the memory test after completing the search task. In the dual-task condition, participants simultaneously performed both tasks. As they began the search task, the experimenter immediately began presenting an audiotaped recording of the prose passages. As soon as one prose passage was completed, the experimenter began asking questions about its content. The time required for hearing the passages and responding to questions was always greater than the time needed for search, so that the dualtask demands were in effect for the entirety of sign search. The order of conditions was counterbalanced, as was the prose passage associated with task conditions. Everyone was rewarded with 10¢ (Canadian) for each correct response on the memory test, which provided additional motivation to attend to it while simultaneously engaged with the search task.
Subjective workload was assessed after both the dual-task and the single-task condition using the NASA-TLX (Hart & Staveland, 1988) .
RESULTS
Data were trimmed on an individual basis by eliminating trials more than ±2 SDs from the person's mean for a particular experimental condition. Four individuals had missing data for one (varying) cell in the design. In order to avoid decreasing power in the omnibus analyses, we used group means to replace these missing values, which represent a loss of less than 0.4% of the data. Four dependent measures were analyzed: errors, RT, fixation number, and average fixation duration.
Before carrying out the major analyses, we examined order effects for errors, RTs, and fixation number in separate Order (2) × Dual-Task Condition (2) × Clutter (2) × Presence (2) repeated measures analyses of variance (ANOVAs). For errors (p = .025), RTs (p = .057), and fixation number (p = .041) the four-way interaction was either significant or marginally significant. Generally, this effect arose because in low-clutter conditions the order did not have a large impact on performance, whereas in high-clutter conditions the target-absent trials were associated with worst performance under whichever condition was tested first. Because the lower order effects involving clutter, task, and presence were still obtained in these "order" analyses, we collapsed across order to report the remaining results.
Errors. The group means for the error data are shown in Figure 1 . More errors were made in the dual-task condition, F(1, 30) = 9.41, p = .005, and in high-clutter scenes, F(1, 30) = 23.36, p < .001. There was also a main effect of age, F(1, 30) = 5.33, p = .03, because older adults made more errors overall. In addition, there was an Age × Clutter interaction because older adults made more errors in high-clutter scenes, F(1, 30) = 6.07, p = .02, and an Age × Presence interaction, F(1, 30) = 5.30, p = .028, because the older group missed more signs when the target was present. Most critically, however, the Age × Dual Task interaction was not significant (p = .73). Among the younger adults, there was a 6% loss of accuracy in the dual-task condition. Among older adults, the dual-task cost on accuracy was approximately 8%. Thus age differences in dualtask effects on RT and other measures can be made without concern about an age-related speed-accuracy trade-off.
Reaction time. Figure 2 indicates that older adults were slower than the young, F(1, 30) = 25.17, p < .001. Responses were slower in the dual-task than in the single-task condition, F(1, 30) = 11.34, p = .002, slower in high-clutter than in low-clutter scenes, F(1,30) = 37.15, p < .001, and slower on target-absent than on target-present trials, F(1, 30) = 34.01, p < .001. Compared with the young participants, the older adults were slowed on target-absent trials, F(1, 30) = 5.30, p = .028. On average, older adults showed a larger divided-attention cost, which was nonsignificant (p = .083) as a two-tailed test but was significant as a one-tailed test; this is consistent with the expectation of a larger divided-attention cost for the older adults. The estimated effect size was approximately .10. The pattern in the means is consistent with the view that older adults have more difficulty searching for signs under divided-attention conditions. The divided-attention cost (dual-task minus singletask) on RT for younger adults was 124 ms, whereas the corresponding cost for older adults was 315 ms. Expressed as a proportion of singletask performance, younger adults had a dividedattention cost of 12%, and older adults had a cost of 19%.
Fixation number. The number of fixations prior to a correct response is an indicator of the overt search demands of a task and is strongly correlated with RT. As shown in Figure 3 , older adults made more eye movements than did the young, F(1, 30) = 15.21, p < .001. Greater oculomotor involvement was associated with highclutter scenes, F(1, 30) = 73.90, p < .001, and with target-absent trials, F(1, 30) = 70.30, p < .001. There was not a main effect of dual-task condition (p = .25). As with RTs, age differences were attributable to the older adults having made relatively more fixations through high-clutter, target-absent scenes. There was no greater dualtask effect among the older adults than among the younger observers.
Average fixation duration. The average fixation duration represents the time needed to process the information gained at a fixation, program the next saccade, disengage attention from the fixated location, and shift attention to a new location. As can be seen in Figure 4 , longer average fixation durations were exhibited by older adults, F(1, 30) = 11.05, p = .002, in highclutter scenes, F(1, 30) = 9.28, p = .005, and, as is often found (see Scialfa & Joffe, 1997) , on target-present trials, F(1, 30) = 33.85, p < .001. Also, there was a main effect of attention condition, F(1, 30) = 11.55, p = .002, which must be qualified by the Age × Attention Condition interaction, F(1, 30) = 9.03, p = .005. Older adults had longer fixation durations in the dual-task condition.
Memory scores. Scores on the Logical Memory Test were lower in the dual-task (M = 21.81) than in the single-task (M = 26.71) condition, F(1, 30) = 84.36, p < .001. Although there were no average age differences in recognition memory (p = .12), the Age × Attention Condition interaction was significant, F(1, 30) = 16.29, p < .001. Follow-up tests indicated that there were no age differences in recognition memory in the single-task condition (p = .40), but there were significant age deficits in memory under dualtask conditions (p = .002). 
Proportional Change in Memory and Search Accuracy
Our protocol instructed observers to be both fast and accurate in the search task, but our monetary incentive for memory performance also motivated participants to attend to the memory task. Thus, in contrast to many dualtask studies, ours did not explicitly manipulate attentional allocation. Which task was treated by observers as primary and which as secondary? Did resource allocation under dual-task conditions differ as a function of age? One can think of this analysis as providing an answer to the question, "Do the costs of concurrence on either task (Kahneman, 1973; Navon & Gopher, 1979) differ for younger and older adults?"
In order to address this question, we calculated a proportional reduction in memory and search accuracy. This was done by collapsing over target presence and clutter and then calculating, for each observer, the divided-attention costs on memory and search accuracy, relative to that person's single-task performance. Because scale properties of the task are probably not commensurate, this approach has some interpretive difficulties (see Kantowitz & Weldon, 1990) but has been used previously in search studies (Sanders & Noble, 1975) . It also has the advantage of scaling for age differences in baseline performance and has been used recently in studies of age differences in memory for conversation while engaged in a challenging walking task (Li, Lindenberger, Freund, & Baltes, 2001) .
Both age groups showed larger proportional changes in performance on the memory task (M = 18%) as compared with search accuracy (M = 7%). This suggests that they treated the memory task as secondary to sign search. However, whereas younger and older adults showed equal changes in performance on search accuracy (p = .78), older adults exhibited significantly greater proportional changes in performance on the memory task (p < .001). This indicates that when faced with the decision to allocate resources to either sign search or memory, the older adults chose the sign search task even more than their younger counterparts did.
Subjective workload. Mean scores (on a 10-point scale) were determined for the mental demand, temporal demand, performance, and effort subscales of the NASA-TLX. Large effects of condition were found on all subscales (ps < .001), with dual-task conditions leading to greater estimates of subjective workload. These did not interact with age (ps > .19), but there was a significant main effect of age on the performance subscale, F(1, 30) = 5.72, p = .023. It is not clear why these age differences arose, but it is more important to point out that on most subscales, older and younger adults did not differ in their assessment of subjective workload.
DISCUSSION
There was a general decrement in search performance when participants simultaneously heard and responded to questions about the prose passages. In the dual-task condition, participants were less accurate at identifying the signs, took longer to do so with searches that involved more eye movements, and exhibited prolonged fixations indicative of more effortful processing. Greater effort was also seen in measures of subjective workload. These results are consistent with those of previous studies (Brookhuis, de Vries, & de Waard, 1991; Strayer & Johnston, 2001 ) indicating that diverse behaviors, including search, are negatively influenced by secondary task performance.
Older adults were slower, were less accurate, and exhibited a larger effect of target presence. As has often been reported for other search tasks (e.g., Ho et al., 2001 ), age differences in RT and fixation number were larger on target-absent trials, reflecting greater cautiousness on the part of older people (Danziger, 1980; Scialfa et al., 2000) . By taking more time to search for something that is not present, older people will limit the time available to perform other tasks. This may increase their risk of missing critical information in the environment and limit their ability to perform secondary tasks.
Like Ho et al. (2001) , we found that older adults did not exhibit a greater clutter effect on RT. Schieber and Goodspeed (1997) also found no Age × Clutter interaction at comparable levels of clutter. Older adults had a larger clutter effect in average fixation number, indicating that these displays required relatively greater overt search for them. Despite this greater effort, older adults showed a larger clutter effect on accuracy.
They had an average error rate of almost 22% in high-clutter displays, and their RTs may have been elevated if their error rates had been lower.
In accuracy and fixation number, older adults did not exhibit a greater amount of dual-task interference on the search task. However, older adults did show a larger divided-attention effect on RT and fixation duration, which, when expressed as a proportion of baseline performance, represents a doubling of divided-attention costs relative to those of their younger counterparts. This is consistent with other studies (e.g., Crook et al., 1993; Ponds et al., 1988) . In addition, the greater divided-attention costs among older adults came even though their recognition memory was significantly worse when they were engaged in visual search than when recognition memory was assessed as a single task. This "shedding" of the secondary task has been reported by Li et al. (2001) in a recent dual-task study of walking while memorizing. It may represent a general strategy among older adults when trying to maintain performance on more important tasks in the face of declining attentional resources. In the present context, it is important to emphasize that age differences in search under dual-task conditions may have been larger and/or interacted with other factors such as clutter if our older participants had attended to the secondary task as much as did their younger counterparts.
Allocation of processing resources might also explain why the secondary task had a general and detrimental impact on performance but did not interact with other variables, clutter in particular. Both younger and older adults had poorer recognition memory under the dual-task condition. Clearly, they were not attending to the narratives as well as when listening to them in isolation. It is possible that they deemphasized the secondary task when they were searching through highly cluttered scenes and thus did not show a larger clutter effect at that time. The design of this study does not allow us to unambiguously link attentional allocation in the secondary task with specific stimuli in the search task, and this is one area where future research efforts may be profitably deployed.
Another possible reason the secondary task did not interact with clutter or target presence is that the processing resources necessary for recognition memory are different from those needed for some components of visual search (Wickens, 1984) . For example, Recarte and Nunes (2000) found that a visuospatial task had a detrimental impact on scanning during driving that was not produced by a verbal task. Thus the impact of a secondary task, as either a main or interactive effect, may be less if the two tasks do not compete for the same working memory structures.
Future research might take a number of directions. Our older sample was relatively young (the oldest observer was 71 years of age), well educated, and in good health. In contrast, among the rapidly growing population over 75 years of age, chronic health conditions, sensory dysfunction, and cognitive impairment are increasingly likely. Thus it is important to extend this sort of work to life-span samples of observers, among whom it is likely that age deficits in performance would be largest in the oldest old participants.
Second, although we did not find that secondary task use had a larger impact in highclutter relative to low-clutter scenes, the design employed did not allow us to assess the impact of the secondary task on a trial-by-trial basis. Changing the design parameters to allow these comparisons will increase the power to find interactions of divided attention with factors such as clutter, target presence, and other manipulations of task load. Varying the content of the secondary task bears examination as well because changes in perceived importance, cognitive complexity, spatial involvement, and pacing may be among the numerous factors that can influence the impact of these tasks on search for traffic signs and accident risk. The effects of ambient noise in the task environment are largely unknown but are likely to affect older drivers who have hearing loss. As such, speech intelligibility and comprehension probably requires greater attentional resources for older listeners, and this may impact their performance.
Replication of the secondary task effects in a simulator or on the road may indicate that the results produced here in the absence of tracking demands are somewhat optimistic. Variable environmental demands (e.g., signs and signals) and the presence of hazards (e.g., pedestrians and work zones) further increase the visual and attentional demands on drivers. Combining search with other secondary tasks at driving intersections (e.g., see Theeuwes, 1996) may indicate further declines in a number of dimensions of task performance (Owsley et al., 1998) that are particularly problematic for older drivers (Caird & Hancock, 2001; Planek & Fowler, 1971) .
PRACTICAL IMPLICATIONS
From an applied perspective, being engaged in a task similar to a cell phone conversation causes a deterioration in the ability to search accurately and quickly for traffic signs. As such, critical information will be missed and accident risk increased. Because the processing of scene information is slowed, driving conditions that have narrow windows of opportunity will be particularly risky when the driver is engaged in this sort of secondary task (Brookhuis et al., 1991; Goodman, Tijerina, Bents, & Wierwille, 1997; Lamble, Kauranen, Laakso, & Summala, 1999; Strayer & Johnston, 2001 ). The effects are not uniformly larger in older adults, but because older people are slower and less accurate overall and have larger divided-attention effects on fixation duration, their accident risk will still be greater. Participants recognized the difficulties associated with distractions while engaged in the search task, as indexed by their estimates of subjective difficulty and disengagement from the secondary task. Further, memory was worse when encoding and retrieving simultaneously with search, and older adults demonstrated a disproportionate reduction in recognition accuracy. Thus when it is important to remember the information gathered, as in a cell phone conversation, it would be better to carry out the conversation without engaging simultaneously in search.
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